The dacA gene of Bacillus stearothermophilus coding for D-alanine carboxypeptidase: cloning, structure and expression in Escherichia coli and Pichia pastoris.
The bacterial D-alanine carboxypeptidases (CPases) remove C-terminal D-alanyl residues from sugar-peptide cell wall precursors. The CPases have many characteristics in common with the high-M(r) penicillin-binding proteins (PBPs) whose inhibition by beta-lactam antibiotics is lethal. The CPases are attractive as model PBPs, because of their relatively lower M(r) and higher activity in vitro. We have cloned and sequenced the Bacillus stearothermophilus gene (dacA) coding for a membrane-bound CPase. The nucleotide (nt) sequence of the gene is homologous to that of the Escherichia coli and Bacillus subtilis dacA loci, which also code for membrane-bound CPases. E. coli host cells lysed when expression of B. stearothermophilus dacA was induced. The same coding sequence was expressed in the methylotrophic yeast, Pichia pastoris, using the alcohol oxidase-1 (AOX1) promoter. Over 100 micrograms/ml of CPase was efficiently secreted into the medium after induction by methanol, without adversely affecting this host. The yeast product is indistinguishable from the native enzyme in structure and activity. The ability to secrete large amounts of heterologous protein and the lack of endogenous peptidoglycan metabolism makes P. pastoris an attractive candidate for the production of PBPs.